Abstract-This is a presentation of an innovative technique of rigid body estimation for use with laser high-range resolution profile (LHRRP) simulations. The theory of pulse beam scattering from random rough surface is used to build a theoretical model which computes simulations for the laser pulse HRRP of the whole dimension target. As two especial cases, the LHRRP of sphere and cone are simulated in detail. We discuss and analyze some influential factors on laser radar HRRP imaging such as their dimensions, correlation length and height root mean square of the rough surface, refractive index of the material and width pulse. The simulated results suggest that the reliable identifications are possible provided in some aero and aerial recognized applications with higher resolution by laser radar.
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INTRODUCTION
The high resolution range profiles (HRRP) is the amplitude of the coherent summations of the complex time returns from scatterers in each range cell, which represents the projection of the complex returned echoes from the target scattering centers onto the radar line-of-sight (LOS), HRRP as feature vectors for radar target recognition are known to have many merits. It detects some information of target structure signatures such as, size, distance, attitude, scatterer distribution, etc. thereby radar HRRP target recognition has received intensive attention from the radar automatic target recognition (RATR) community, and many researchers have developed algorithms and experiments for recognizing objects from range images in radar application [1] [2] [3] [4] [5] [6] [7] .
In recent years, with development of the laser technology, there has been an increasing interest in and need for investigation the laser radar to identify the target in civilian and aerospace fields [8] [9] [10] [11] [12] [13] . So the laser high-range resolution profile (LHRRP) technologies will play an more and more important roles in target recognition and battle sense. As compared to HRRP radar image, LHRRP is easy to offer enough and precise data on Attitude characteristic determination of target such as ground-base, spacecraft and airplane [14] [15] [16] . As a result, Laser high range revolution imaging Radar is a novel technology, has particularly attracted the attention of a great many institutes [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] .
The characteristics of electromagnetic wave scattering from targets establish a theoretic basis for studying radar HRRP target recognition, so some researchers are develop a great many electromagnetic scattering theories and methods on different targets [19] [20] [21] [22] [23] [24] . However, comparison of simulation on radar HRRP and laser radar HRRP, it must be existed some differences by electromagnetic scattering theories. In order to obtain the laser radar HRRP of complex targets, the paper present a novel theoretical model of the pulse beam scattering from random rough surfaces, which based on the electromagnetic Gaussian beams scattering theories and its application [25] [26] [27] [28] [29] .
The body of this paper proceeds as follows. In Section 2, the theoretical procedure for the determination of the laser radar of a pulse beam by an arbitrary scatterer is given. Section 3 provides the numerical simulation for the HRRP properties of a tightly focused Laser pulse beam normally incident on some typical targets such as a sphere, a cone et al.. The work is summarized in Section 4.
THE LASER RADAR EQUATION OF PULSE BEAM SCATTERING FROM AN ARBITRARY SCATTERED BODY
As computing the backward echo power of pulse beam scattering from scattered body, impulse response in time domain can be written [17, 18] 
The pulse coherent scattering power is obtained as:
where
And pulse incoherent scattering power is given
Let us suppose that P i (t) is the power signal of incident laser pulse, and width of pulse is T 0 . The laser pulse scattering from a complex target is shown in Fig. 1 . The scattering power P s (t) can be expressed by convolution integral of formation P i (t), G c (t) and G f (t)
In Equation (7), P c (t) and P f (t) is the coherent and incoherent scattering power from complex body. Put the Equations (2) and (5) into (7), and consider some factors such as the aperture of detector, Figure 1 . Scattering of pulse laser beam by object with complex target.
the optical efficiency, the emission and receiver system and attenuation along the propagation path of the echo laser pulse wave, so the laser radar equation of pulse beam scattering from arbitrary scattered body can be expressed [17, 18] 
In Equations (8) and (9), T A1 , T A2 is the rate of the average atmospheric transmission from the laser illumination and the receiver to scattered body respectively. η t , η r is the Equivalent optical efficiency the emission and receiver system, φ = 2/k 0 w 0 is the width of pulse, D is the aperture of detector, ρ 0 is the detected distance and w 0 is beam waist radius. Combine Equations (8) with (9) in Equation (7), the scattering power of arbitrary scattered body is given as following:
where σ( r ) is pulse beam scattered cross section, it include two parts, coherent scattered section σ c ( r ) = |R(0)| 2 |χ(−2k 0 )| 2 σ g δ( r − r 0 ) and incoherent scattered section σ 0 p ( r ). The formation of Equation (10) show that the total scattering power is the summation power of scattering point on the surface of complex target, and the power scattering point still contain coherent and incoherent component.
THE NUMERICAL SIMULATION FOR THE LASER PULSE HRRP IMAGING CHARACTERISTIC
As an application, we choose two kinds of typical scattered bodies, sphere and cone, discuss and analyze their dimensions, correlation length and height root mean square of rough surface, the complex refractive index of their material, and other the influence factors for laser radar HRRP imaging. Geometric model of laser pulse scattering from a sphere is shown in Fig. 2 . It is supposed that the sphere whose center is located at the origin of the coordinate system OXY Z, with a being its radii and laser pulse incidence along Z axis, laser wavelength λ = 1.06 µm. According to Equation (7), the analytic expression of scattering power of a sphere is written:
Due to the symmetry of the sphere, the scattering power and cross section haven't any relation to and so azimuth ϕ, the Equation (11) is Figure 2 . Geometry of laser pulse scattering from a sphere.
rewritten as:
In order to validate our theory and simulated methods, we compare our results with the radar HRRP in [2] are shown in Fig. 3 . The frequency electromagnetic (EM) wave f = 3 GHz (S-band) in [2] , and the width of laser pulse wP = 1 ns, the laser HRRP of a sphere whose radii a = 1.0 m. Comparing two cure lines of the sphere radar and laser radar HRRP imaging characteristic as the simulation results, it is found that laser HRRP has the same trend with the radar HRRP, but the former decrease faster than the latter in the same scattering points. The main reasons have two aspects, on one hand, the laser wavelength is far less than the EM wavelength, which results in a higher resolution ratio, on the other hand, the scattering coherent component has a stronger influence on the laser than that of EM wave.
LHRRP image of a sphere with rough surface in different height root mean square σ = 0.5λ, 1λ, 2λ is shown in Fig. 4 , and given the radii of sphere a = 0.5 m, width laser pulse wP = 2 ns, correlation length of rough surface l = 5λ, complex refractive index of a Fig. 6 . From the Figs. 4-6 , it is found that LHRRP image of a sphere have the same distributed tendency, and the roughness of the surface, refractive index of the material, the radii of the sphere have influence on the echo scattering power value of LHRRP. The large roughness, small refractive index and radii correspond to the low echo scattering power value.
Due to the bottom surface of the cone being a plane, it hasn't a observable characteristic of LHRRP. So we consider an incident laser pulse beam propagating from the positive Z to the negative Z axis of the Cartesian coordinate system OXY Z, with the origin of the coordinate system is located at O, which is the center of the bottom surface, and a, α, H is the radii, apex angle and height of the cone. The Geometric relations of LHRRP simulation on a cone model of laser pulse scattering characteristics are shown in Fig. 7 .
The LHRRP image of the cone with different laser width pulses (wP), radius of bottom surface and three kinds of similar shape are shown in Figs. 8 to 10 . For the case wP = 0.5 ns, 1 ns, 2 ns from Fig. 8 , we note that the width pulse is narrower and the simulation resolution of LHRRP is higher. As H = 0.5 m, the biggest scattering power value of a cone LHRRP images appear radii a = 0.2 m in Fig. 9 . For three kinds of similar cones, their LHRRP images have the same characteristics as Fig. 10 . Figure 10 . LHRRP image of three kinds similar shape cones.
CONCLUSION
In this paper, the analytical model of laser pulse HRRP image from arbitrary rough complex scattered bodies is built. We simulated two especial targets such as a sphere and a cone based on pulse beam scattering characteristics of targets. The influential factors on the LHRRP of sphere and cone are analyzed in detail. The simulated results show that the rough surface and the complex refractive index of material have an effect on the value of laser pulse scattered echo power, the width of incidence laser pulse effect on the revolution range image, and their structural or dimensional effect on the distributed characteristic of the LHRRP of a sphere and a cone. From the comparison of the LHRRP curves of sphere and cone, it is illustrated that LHRRP image of sphere is a symmetrical convex curves, and LHRRP image of cone is better shown in conical envelope curve, too. In addition, as the same height of the cone, the radii of the bottom surface is bigger, its LHRRP has a stronger scattering characteristic. If the cones have similar shapes, their LHRRP images have the same distributions. In a word, our works describe a novel method to simulated LHRRP images for a complex target, and establish a good foundation for micro-recognition with higher revolution by laser radar.
